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TRANSLATION 



I, Yukiko Yanagi, residing at 4-74-1-14, Chiharadai, Ichihara-shi, Chiba- 
ken, Japan, state- 
that I know well both the Japanese and English languages; 

that I translated, from Japanese into English, the description, claims, 
abstract and drawings of International Application No. PCT 
/JP03/15722, filed December 9, 2003; 

that the sheet next following this sheet is a copy of the Request of the 
said application as published as International Publication and is 
attached hereto in lieu of an English translation of the Request in the 
said application; and 

that the attached English translation is a true and accurate translation 
to the best of my knowledge and belief. 

Dated: May 30, 2005 
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DESCRIPTION 



INSPECTION METHOD AND INSPECTION APPARATUS 



This application is based upon and claims 
the benefit of priority from prior Japanese Patent 
Application No. 2002-360148, filed December 12, 2002, 
the entire contents of which are incorporated herein by 
reference . 

Technical Field 
The present invention relates to an inspection 
method and inspection apparatus for inspecting to-be- 
inspected samples, in which probe pins are electrically 
connected to inspection electrodes by a fritting 
phenomenon . 

Background Art 
A semiconductor treatment process comprises 
various steps, such as a step of inspecting the 
electrical characteristic of a to-be-inspected object 
(e.g., a semiconductor device) in the state of a wafer, 
and a step of inspecting a to-be-inspected object in 
the state of a package. To perform inspection, the 
electrodes of a wafer are brought into contact with 
contact elements (e.g., probe pins). A measurement 
signal is applied to the electrodes via the probe pins. 
The surfaces of the electrodes of the to-be-inspected 
object are coated with electrically insulating oxide 



films. Accordingly, in the prior art, each probe pin 
is pressed against an electrode, thereby removing part 
of the oxide film of the electrode and electrically 
connecting them to each other. 

However, in a high-density device formed on a 
wafer, electrodes and wires formed of thin films are 
employed. The method for removing the oxide film 
of each electrode P using corresponding probe pins 
during inspection of a wafer may well damage each 
electrode or its ground layer. To prevent such 
damage, a method for removing the oxide film of 
each electrode utilizing the fritting phenomenon 
has been proposed (see patent document 1 - Jan. Pat. 
Appln. KOKAI Publication No. 2002-139542 (claim 1 and 
section [0046] ) ) . 

Referring to, for instance, FIG. 2, the technique 
described in patent document 1 will be roughly 
described. As shown in FIG. 2, a probe card 1 
comprises pairs of probe pins 2 to be brought into 
contact with respective electrodes P on a wafer, and 
relays 3 connected to the respective pairs of probe 
pins 2. The relays 3 switch the connection destination 
of each pair of probe pins 2 from a tester 4 to a 
power supply 5 for fritting or vice versa. To inspect 
the electrical characteristic of the to-be-inspected 
object on the wafer, firstly, a pair of probe pins 
2 is brought into contact with an electrode P. The 
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corresponding relay 3 connects the pair of probe pins 2 
to the power supply 5 for fritting. The fritting power 
supply 5 applies a voltage to one of the pair of probe 
pins 2, and gradually increases the voltage level. 
5 At this time, the fritting phenomenon occurs, thereby 

breaking the oxide film between the tips of the pair 
of probe pins 2 to electrically connect the probe pins 
2. The relay 3 switches the connection destination 
of the pair of probe pins 2 from the fritting power 

10 supply 5 to the tester 4. The tester 4 applies an 

inspection signal to the electrode P via one of the 
probe pins 2 to thereby test the electrical charac- 
teristic of the to-be-inspected object. The use of 
the fritting phenomenon enables the probe pressure 

15 between each probe pin 2 and the electrode P to be set 

extremely low, with the result that the electrodes, 
for example, are prevented from being damaged, and 
a highly reliable inspection can be executed. The 
fritting phenomenon is such a phenomenon as this. 

20 When a voltage is applied to an oxide film formed on 

the surface of a metal (an electrode in the invention) , 
and the potential inclination applied is increased 
to about 105 to 106V/cm, a current flows to break the 
oxide film because of non-uniformity in the thickness 

25 of the oxide film and the composition of the metal. 

Disclosure of Invention 
However, in the inspection method and apparatus 



described in patent document 1, the fritting phenomenon 
is utilized in units of probe pins 2 connected to a 
signal line for testing by the tester 4. Since the 
fritting phenomenon is utilized a large number of times 
for probe inspection, much time is required, and the 
throughput of the inspection is reduced. In the case 
of the disclosed inspection apparatus, the power supply 
5 dedicated to fritting and the relay 3 are needed. 
The relay 3 must be provided on the probe card 1. In 
accordance with the development of high integration in 
a semiconductor device, the number of required probe 
pins 2 is increased, and hence the number of required 
relays 3 is increased. However, the number of relays 
3 that can be mounted on the probe card 1 is limited. 

The present invention aims to overcome at least 
one of the above problems. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, 
and in part will be obvious from the description, or 
may be learned by practice of the invention. The 
objects and advantages of the invention may be realized 
and obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 

In accordance with a first aspect of the 
invention, there is provided a method of inspecting 
an electrical characteristic of a to-be-inspected 
object, comprising: bringing pairs of probe pins 



into contact with respective electrodes of at least 
one to-be-inspected object; applying a voltage to 
the respective inspection electrodes via the pairs 
of probe pins by power supplies connected to the 
respective pairs of probe pins, thereby causing the 
fritting phenomenon to occur between tips of each 
pair included in the pairs of probe pins; and applying 
an inspection signal to the electrodes of the to-be- 
inspected object via the pairs of probe pins, thereby 
inspecting an electrical characteristic of the to-be- 
inspected object. 

It is preferable that the above method includes 
at least one of the following features (a) to (c) : 

(a) The inspection of the electrical character- 
istic of the to-be-inspected object is performed by a 
tester circuit, the tester circuit transmitting the 
inspection signal via respective electrical connection 
lines connecting the tester circuit to the respective 
probe pins included in the pairs of probe pins; and 

The power supplies are formed of respective 
drivers provided in the tester circuit, respective 
drivers applying a voltage to the respective electrodes 
via the electrical connection lines and the respective 
pairs of probe pins. 

(b) The application of voltage by the power 
supplies which is connected to the respective pairs 
of probe pins to the respective electrodes via the 



respective pairs of probe pins includes one process 
included in a of simultaneously applying the voltage to 
the electrodes, and a process of sequentially applying 
the voltage to the electrodes. 

(c) When the voltage applied by the power supplies 
to the respective electrodes reaches a predetermined 
limit value, when a current resulting from the voltage 
reaches a predetermined limit value, when the voltage 
shows a predetermined change, or when the current shows 
a predetermined change, application of the voltage to 
the electrodes is stopped. 

In accordance with a second aspect of the 
invention, there is provided an apparatus for 
inspecting an electrical characteristic of a to-be- 
inspected object, comprising: 

pairs of probe pins to be brought into contact 
with respective electrodes of at least one to-be- 
inspected object; 

power supplies connected to the respective pairs 
of probe pins to apply a voltage to the respective 
electrodes, a fritting phenomenon occurring between 
tips of each pair included in the pairs of probe 
pins, as a result of application of the voltage; and . 

a tester which transmits, after the fritting 
phenomenon occurs, an inspection signal to the 
electrodes of the to-be-inspected object, thereby 
inspecting an electrical characteristic of the 



to-be- inspected ob j ect . 

It is preferable that the above apparatus further 
comprises at least one of the following features (d) 
to (f ) : 

(d) The apparatus further comprises: 

a tester which transmits an inspection signal to 
the electrodes of the to-be-inspected object, thereby 
inspecting the electrical characteristic of the to-be- 
inspected object; 

pairs of probe pins to be brought into contact 
with the respective electrodes; 

electrical connection lines connecting the tester 
to the respective pairs of probe pins; and 

a plurality of drivers provided in the tester 
circuit, the drivers being connected to the respective 
pairs of probe pins to apply a voltage to the 
respective electrodes, the electrical connection 
lines transmitting the inspection signal from the 
tester and the voltage from the drivers to the 
respective electrodes of the to-be-inspected object. 

(e) The apparatus further comprises switch 
mechanisms provided between the respective drivers 
and the respective pairs of probe pins, the switch 
mechanisms being voltages witching mechanisms which 
enable one process included in a process of simulta- 
neously applying the voltage to the electrodes, and 
a process of sequentially applying the voltage to 
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the electrodes. 

(f) The apparatus further comprises comparators 
connected between the respective drivers and the 
respective pairs of probe pins, the comparators 
detecting whether the voltage applied by the power 
supplies to the respective electrodes reaches a 
predetermined limit value, and wherein when the 
comparators detect whether one of the voltage and 
the current reaches the predetermined limit value, 
the switch mechanisms stop application of the voltage 
to the probe pins by the drivers. 

Brief Description of Drawings 

FIG. 1 is a block diagram illustrating an essen- 
tial part of an inspection apparatus according to an 
embodiment of the invention; and 

FIG. 2 is a block diagram illustrating an example 
of an inspection apparatus according to the prior art. 
Best Mode for Carrying Out the Invention 
. The invention will be described using the embodi- 
ment shown in FIG. 1. An inspection apparatus 10 
according to the embodiment comprises a probe card 12, 
and the probe card 12 has a plurality of electrodes P 
on a wafer, pairs of first and second probe pins 11A 
and 11B to be brought into contact with the respective 
electrodes P. The probe card also has electrical 
connection lines 13 (e.g., connection lines dedicated 
to fritting, or connection wires also serving as 



signal lines) 13 connected to the first and second probe 
pins 11A and 11B, terminals 14 of the signal lines 13, 
and relay terminals (e.g., pogo pins) 15 electrically 
disconnectably contacting the respective terminals 14 . 
The first and second probe pins 11A and 11B are 
connected to a tester 20 via the relay terminals 15. 
The probe card 12 can be secured to, for example, a head 
plate (not shown) in a probe chamber incorporated in the 
inspection apparatus 10. The probe card 12 can be 
bro'ught into electrical contact with a tester head (not 
shown) , incorporated in the tester 20, via an insert 
ring (not shown) contained in each relay terminal 25. 

Although not shown, the inspection apparatus 10 
of the embodiment can incorporate, as in the prior art, 
a mounting table for mounting a wafer thereon, movable 
in the X, Y and Z directions and 0 direction, and an 
alignment mechanism cooperating with the mounting table 
to align a wafer with the probe pins 11A and 11B. 

The first and second probe pins 11A and 11B are 
connected to a power supply 21 for applying a voltage 
thereto for fritting. As shown in FIG. 1, the tester 
20 can incorporate drivers 21 and comparators 22 
corresponding to the respective pairs of first and 
second probe pins 1.1A and 11B. The drivers 21 are 
detachably connected to the respective first probe pins 
11A, while the comparators 22 are detachably connected 
to the respective second probe pins 11B. The drivers 
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21 and comparators 22 are connected to the signal 
lines 23 and 24, respectively. These lines are 
electrically connected to the first and second probe 
pins 11A and 11B via terminals 25 and 26, respectively, 
5 and can be disconnected therefrom. Further, the 

drivers 21 can apply, to the respective first probe 
pins 11A, a voltage necessary for generating the 
fritting phenomenon . 

Where the first and second probe pins 11A and 

10 11B are in contact with the electrode P under a very 

low probe pressure (e.g., 1 mN or less), the driver 
21 incorporated in the tester 20 applies a voltage 
for fritting to the electrode P via the relay terminal 
15, signal line 13 and first probe pin 11A of the 

15 inspection apparatus 10, and gradually increases the 

voltage. Firstly, a very small amount of current 
flows between the tips of the first and second probe 
pins 11A and 11B via the oxide film of the electrode P. 
After that, the current flowing through the oxide film 

20 while breaking it is abruptly increased. This current 

flows from the second probe pin 11B of the inspection 
apparatus 10 to the comparator 22 via the signal line 
13, the relay terminal 15 and the signal line 24 of 
the tester 20. When the comparator 22 detects a limit 

25 voltage value (or limit current value) , the application 

of the voltage from the driver to the probe pin is 
stopped. After the fritting phenomenon occurs, the 



first and second probe pins 11A and 11B are used as 
probe pins for inspection, being kept in contact with 
the electrode. 

A description will be given of an inspection 
method using the above-described inspection apparatus 
10, according to an embodiment of the invention. A 
wafer is placed on the mounting table in the inspection 
apparatus 10. By operating the alignment mechanism and 
moving the mount table in the X, Y and Z directions and 
0 direction, the electrodes P of the to-be-inspected 
object on the mounting table are aligned with the first 
and second probe pins 11A and 11B. The mounting table 
is raised to bring each electrode P of the wafer into 
contact with the corresponding first and second probe 
pins 11A and 11B under a low probe pressure of, for 
example, 1 mN or less. 

The drivers 21 apply a voltage for fritting to 
the respective electrodes P via the respective relay 
terminals 15 of the inspection apparatus 10 and the 
respective signal lines 13 and first probe pins 11A of 
the probe card 12. The voltage may be simultaneously 
applied to the electrodes, or sequentially applied 
thereto. On each electrode P, firstly, a small amount 
of current flows between the first and second probe 
pins 11A and 11B. When the voltage for fritting is 
gradually increased, the fritting phenomenon occurs 
and the current flowing between the first and second 



probe pins 11A and 11B is abruptly increased, thereby 
breaking the oxide film of each electrode P. As a 
result, the tips of the first and second probe pins 11A 
and 11B on each electrode P are electrically connected, 
and the comparators 22 stop the application of the 
voltage from the drivers 21 to the electrodes. 

When the drivers simultaneously apply the voltage 
to the probe pins, the tips of all first and second 
probe pins 11A and 11B can be electrically connected 
by one-time application of the fritting voltage. 
Compared to the prior art in which a fritting voltage 
is applied in units of signal lines, the time required 
for fritting can be significantly reduced. 

Thereafter, the drivers 21 transmit respective 
inspection signals via the respective signal lines 23, 
thereby inspecting the electrical characteristic of 
the to-be-inspected object as in the prior art. Since 
this inspection can be performed under an extremely low 
probe pressure, the first and second probe pins 11A and 
11B and the electrodes P, etc., can be spared damage, 
and hence a highly reliable inspection can be executed. 

As described above, in the embodiment, each power 
supply connected to the corresponding pair of probe 
pins can apply a voltage to each of the corresponding 
probe pins. 

When each driver of the tester circuit uses 
the corresponding power supply, no new power supply 
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is necessary. The number of lines required for 
the inspection apparatus can be reduced by using the 
inspection signal lines also as electrical connection 
lines for applying a voltage from the drivers to the 
5 probe pins . 

By simultaneously applying a fritting voltage 
from the power supplies to the respective electrodes, 
the time required for fritting can be significantly 
reduced, which significantly enhances the throughput 

10 of inspection. 

When the voltage applied by each power supply 
to the corresponding electrode is detected to reach 
a limit value, when the current flowing through each 
pair of probe pins is detected to reach a predetermined 

15 value, or when the voltage or current is detected to 

show a predetermined change, the application of the 
fritting voltage to the electrode is stopped to spare 
the electrode and probe pins damage. 

The above-mentioned limit value for the voltage, 

20 the predetermined value for the current, and the 

predetermined change for the voltage or current depend 
upon the surface state of the electrode. The limit 
value for the voltage and the predetermined value of 
the current can be set to, for example, 600 mV or less, 

25 600 mA or more, respectively. 

As an example of the predetermined change for 
the voltage, a change from the initial voltage (e.g., 



5 - 10V) to a low voltage (e.g., 600 mV or less) can 
be employed. As an example of the predetermined 
change for the current, a change from the initial 
slight current to a relatively high current (e.g., 
600 mA or more) , at which the probe and electrode 
are electrically connected, can be employed. 

In the embodiment, when the drivers of the tester 
20 are used as fritting power supplies, no particular 
power supply dedicated to fritting or relay is needed, 
which reduces the manufacturing cost. Since the relays 
on the probe card 12 can be omitted, the area for 
mounting can be increased by the area corresponding 
to the relay-mounting area, which enables the apparatus 
to deal with highly density semiconductor devices. 
Since the second probe pins 11B of the tester 20 are 
connected to the respective comparators 22, the limit 
voltage or limit current during fritting can be 
detected through the comparators 22. 

The invention is not limited to the above- 
described embodiment, but each structural element 
can be modified when necessary. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited 
to the specific details and representative embodiments 
shown and described herein. 

Accordingly, various modifications may be made 
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without departing from the spirit or scope of the 
general inventive concept as defined by the appended 
claims and their equivalents. 



